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Introduction
The majority of studies relating BP to target organ damage or CVD events have measured BP at a peripheral location, usually the brachial artery. Systolic blood pressure (SBP) and pulse pressure (PP) in the aorta (central BP) are lower than the corresponding peripheral measures 1 .
In adults central PP and SBP have been shown to be more closely related to left ventricular mass 2 , left ventricular function 3, 4 and CVD events 5 than peripheral pressures.
We compared central and peripheral SBP and their associations with concurrent measures of cardiac structure and function in a large, population based cohort of adolescents (mean age: 17.7 years).
Methods
The Avon Longitudinal Study of Parents and Children (ALSPAC) is a prospective population-based birth cohort study (baseline: 1991-2) (http://www.alspac.bris.ac.uk) 6 . A fully searchable data dictionary is available on http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/. At the age 17 clinic assessment, a random sample (~2,000) of daily clinic attenders underwent echocardiography examinations. Exclusion criteria were pregnancy, congential heart disease or any condition that would prevent participation in the study. Ethical approval was obtained from the ALSPAC Law and Ethics Committee and the Local Research Ethics Committee. Participants provided written informed consent.
Sitting peripheral SBP, diastolic BP (DBP), and heart rate were measured in triplicate using standard procedures. Central SBP and DBP were estimated using arterial tonometry (Sphygmocor, Atcor) at the radial artery.
Echocardiography was performed using a HDI 5000 ultrasound machine (Phillips) equipped with a P4-2 Phased Array ultrasound transducer by one of two echocardiographers using a standard examination protocol. All measurements and calculations were made according to American Society of Echocardiography (ASE) guidelines 7 . On-going quality control was performed throughout the study and reproducibility of echocardiographic measurement was assessed by recalling 30 participants and repeating their measurements. The intra-class correlation of repeated echocardiographic measurements was excellent: 0.75 to 0.93 (intraobserver) and 0.78 to 0.93 (inter-observer).
The following were included as covariates: age at clinic assessment, gender, body mass index (BMI), dual-energy X-ray absorptiometry (DXA) fat mass, accelerometer assessed physical activity at age 15.5, heart rate, and MAP.
Statistical analysis
e′ was positively skewed, and therefore values were logged for analyses. Multivariable linear regression was used to assess associations of central and peripheral SBP with ventricular structure: LVMI, RWT; systolic function: s′, midwall fractional shortening, ejection fraction; and diastolic function: E/e′, mitral E/A ratio, left atrial size index (LAI) and e′ (outcomes).
Results were essentially identical when fat mass was replaced with BMI.. We also repeated analyses including in the subgroup for which physical activity data (accelerometer assesses at age 15.5) were available. To compare relationships between central and peripheral BP a bootstrapping procedure (based on 10,000 replications) was used to obtain a P value testing the null hypothesis that the associations of central and peripheral SBP with a given outcome did not differ. There was no strong evidence of exposure-gender interactions; therefore data for males and females were pooled.
Results
Peripheral SBP was higher than its central counterparts (mean difference (SD): 19.7 (4.9)) and the difference increased with increasing SBP. Associations between central and peripheral SBP and measures of cardiac structure and function are presented in the Table. Central and peripheral SBP were positively associated with LVMI, RWT, s′, midwall fractional shortening, LAI, E/A….. Results for the subgroup in whom physical activity was assessed were virtually the same as those obtained for the whole study sample (though confidence intervals were wider) and adjusting for physical activity levels did not alter results.
Discussion
Higher PP in peripheral than in central arteries has been attributed to wave reflection from distal peripheral arteries which results in PP amplification. 1, 8 Our observations therefore imply that peripheral wave reflection is more marked in adolescence and extend the findings of a study confined to adults that observed greater amplification of PP with decreasing age 9 .
These findings may have important implications for the diagnosis and therapeutic management of hypertension in childhood and adolescence, particularly given that it is now relatively simple to measure central BP with cuff-based devices 10, 11 .
Our data demonstrate that central BP is more closely associated with cardiac structure and LV function in adolescence. This may have important implications for the prognostic value of central versus peripheral BP as an indicator of lifetime risk in childhood and adolescence, particularly since low birth weight and rapid increases in adiposity in childhood are associated with higher BP in early adulthood 12 . Previous studies that have examined the relationship between BP and cardiac structure and function in children and adolescents have used peripheral measurements of BP may have underestimated the strength of these associations 13, 14 .
In adults, weak associations of peripheral systolic BP and PP with LA size have been reported 15 . We extend these findings to adolescents, showing that even in youth higher PP (particularly central PP) is associated with increased LA size and, by implication, impaired diastolic function and LV filling. Our observation of associations between higher central PP and decreased sꞌ is also suggestive of an early adverse influence of high aortic pulse pressure on systolic function 16 , and disturbance of ventricular-arterial coupling 17 even at this young age.
Conclusions
Central PP was markedly lower than peripheral PP in a general adolescent population.
Associations with LV structure and function are stronger for central than peripheral pressure.
These findings may have important implications for thresholds for the diagnosis and intervention for hypertension in youth, based as it currently is on peripheral measures and reemphasize the importance of BP as a risk factor in youth.
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